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• Red Electrica project
• Some additional remarks
PreFlexMS project
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Predictable and Flexible Molten Salts Solar 
Power Plant project (www.preflexms.eu) is a 
Horizon 2020 demonstration project which aims 
to improve the dispatchability of Concentrating 
Solar Power (CSP) plants.
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Direct Normal Irradiance (DNI) is the key 
parameter to predict the output from a 
Concentrated Solar Power (CSP) plant.
CSP plants with molten salts storage can 
adapt their output to the demand, storing 
energy during the day and dispatching it 
during the night.
One of the objectives of the project is to take into account DNI meteorological 
forecasts in the operation of CSP plants to get predictable solar power outputs, 
which can be modulated according to both meteorological conditions and 
economical constraints to optimize output and profit.
This would help to avoid the intermittency problem, omnipresent in many 














The prototype for the project is being 
built in Evora (Portugal), but a near 
station in Badajoz, part of AEMET 
radiation network, has been chosen to 
verify DNI forecasts.
Other stations of our network have 
been used too to get a more complete 
comparison.
The period verified spans three years: 
from March 2015 to February 2018
(Mar 2017 – Feb 2018 for 15-min 
Harmonie-Arome data)
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(1 day ahead predictions for the 0Z run are shown)
Errors for different accumulating periods:
DNI error for each season of the year:
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Notice the sharp 
increase in the error in 
winter for 3-hour and 
shorter accumulation 
periods.
DNI error for different locations:
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Harmonie-Arome and ECMWF model 







ECMWF direct radiation predictions have been compared with the direct radiation 
calculated by the libRadtran radiation model using as inputs the total column water 
vapour forecasted by ECMWF and the aerosol optical depth (AOD) forecasted by MACC 
(now CAMS). 
This method, proposed first by Breitkreutz (2009), allows us to estimate the influence 
of aerosols in DNI forecasts for clear days, and in particular the effect of different 
aerosols species.
For cloudy days, ECMWF total sky direct solar radiation (fdir) and clear-sky direct 

























Site Year rRMSE (ECMWF) rRMSE (lRt + MACC)
Badajoz 2013 9.8% 8.1%
Madrid 2013 12.9% 11.2%
Murcia 2013 10.6% 9.6%
Badajoz 2014 8.6% 6.8%
Madrid 2014 9.3% 9.1%
Murcia 2014 11.0% 9.4%
Clear sky situations have been selected according to the filters used by AERONET.  
Relative RMSE for clear sky situations
(Casado-Rubio et al., 2017)
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Site Year rRMSE (ECMWF) rRMSE (lRt + MACC)
Badajoz 2013 21.2% 13.7%
Madrid 2013 18.9% 13.3%
Murcia 2013 24.0% 17.5%
Badajoz 2014 19.5% 14.5%
Madrid 2014 19.0% 15.0%
Murcia 2014 23.6% 17.4%
High aerosol content events are those where the measured AOD at 500 nm is higher 
than the 85th percentile.
Relative RMSE in high aerosol content events
(Casado-Rubio et al., 2017)
16
Case study: Badajoz, 21st Feb 2016 
Summary
• ECMWF forecasts of direct radiation can be used in real time to increase the
efficiency and profitability of CSP plants.  
• Harmonie-Arome and the ECMWF model get similar scores for DNI in southern Spain. 
• Although clouds are the main source of error, aerosols have a big impact in some
specific days. 
• CAMS (MACC before) is a valuable tool which can be used in an indirect way to 
include prognostic aerosols when forecasting direct radiation. A simple method
which combines ECMWF direct radiation forecasts and CAMS aerosol forecasts has 
been developed to improve DNI predictions in specific locations. 
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Some remarks about our interaction with users
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• User-friendly, plug-and-play, easy tools are often more suitable, even if they 
are not very powerful: users can quickly learn to work with them, and a very 
deep knowledge of the subject is not needed. 
• Projects are usually carried out by different teams, located in several places 
(different buildings, cities or even countries). Communicating with users can 
be quite hard.
• Meteorologists and users have a different mindset/worldview. It can be quite 
difficult to understand each other.
• Meetings are useful, but are not held very often. A lot of time is usually wasted 
agreeing to very basic concepts.
• Using common tools can help to overcome these hurdles: it allows to build 
bridges and establish a common language.
Thank you for your attention!
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